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THE  INFLUENCE  OF  THE  REDUCTION  OF  KIDNEY 
SUBSTANCE  UPON  NITROGENOUS 
METABOLIS?¢I2 
BY  RICHARD  M.  PEARCE. 
(From  the  Bender  Laboratory,  Albany,  N.  Y.) 
This  communication presents  the  results  of  one  of  several  in- 
vestigations  having  for their  object the  determination of the  part 
played  by  chemical  correlation,  in  a  broad  sense,  in  the  produc- 
tions of pathological conditions associated with diseases of the kid- 
hey.  2  In  taking  up  such  problems  one  of  the  first  questions  for 
consideration  is  that  of  the  influence of  the  hypothetical  internal 
secretion  of  the  kidney upon  general  nitrogenous  metabolism.  I 
use the term hypothetical advisedly, for although this  theory occu- 
pies a prominent place in the literature dealing with the question of 
uraemia and is very suggestive, there is little experimental or other 
evidence to support it. 
It was  first brought  to  general notice by  Brown-Sequard,  3 who 
as  the  result  of  his  investigation  of  the  internal  secretion  of  the 
testicle  came to  very broad  conclusions  concerning internal  secre- 
tions  in  general  and  stated  that  the kidney, as  also  other  organs, 
have  this  function.  He  based  his  opinion  as  regards  the  kidney 
on  clinical  observation  4  and  the  study  of  dogs  from  which  both 
kidneys  had  been  removed  as  compared  with  those  in  which  the 
ureters  had  been  ligated.  As  the  result  of  both  procedures  the 
retention  of  metabolites  is  the  same,  but  in  the  nephrectomized 
animals,  death,  which  comes  on  more  rapidly,  is  supposed  to  be 
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due  to  the  absence  of  an  internal  secretion  which,  it  is  assumed, 
is  still  furnished  by the ligated  kidneys.  If,  as he  claimed,  in  the 
nephrectomized  animals  the  internal  secretion  is  replaced  by  the 
injection of renal juice, or glycerine extracts of kidney or by normal 
serum  the  animals  live  as  long  or  even  longer  than  those  which 
have  had  both  ureters  ligated.  Such  observations  are  urged  in 
support  of  the  theory  of  internal  secretion  by  those  who  do  not 
believe uraemia  to be due to the retention  of the products of meta- 
bolism. 
Similarly,  metabolism  experiments  on  man  which  tend  to  show 
that  uraemia  may  occur  without  evident  nitrogen  retention  are 
viewed in  the  same  way and  are  taken  by those  who  support  the 
theory of  internal  secretion to  indicate  that  uraemia  is  not  due to 
lack of elimination  of metabolites but to loss of the  internal  secre- 
tion. 
From the experimental  side the  only method  of attack  has  been 
by the  study  of  the  variation  in  elimination  of  nitrogenous  sub- 
stances  after  extirpation  of amounts  of kidney substance sufficient 
presumably  to  disturb  the  hypothetical  internal  secretion.  Upon 
this  phase  of  the  subject the  observations  of Tuffier,  of  Bradford 
and  of  Bainbridge  and  Beddard  are  available.  Tuffier  5  removed 
first one kidney,  and  after an interval,  a  portion  of the other.  He 
came  to  the  conclusion,  based  on  ten  experiments,  that  1.5  gram 
of kidney substance per kilo of body weight was sufficient to main- 
tain  life and  adds  that  except  for oscillations  due to the immediate 
effects of  the  operation  no  changes  in  the  elimination  of urine  or 
urea were noted. 
Bradford  6 also working with dogs,  found that  after the removal 
of  approximately  three  fourths  of  the  total  kidney  weight  death 
occurred in  from one to six weeks  from asthenia  with  great wast- 
ing; coma and convulsions were not observed.  Death is apparently 
dependent O  n the amount of kidney substance removed and not upon 
mutilation inflicted by the surgical operation.  Excision of a portion 
of one kidney or portions of both is  followed by an increase in the 
B  Tuffier,  T.,  Etudes  exp~rimentelles sur  la  chirurgie  des  reins,  Paris,  I889 
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volume of the urine, but unaccompanied by an increase in the total 
solids.  After excision of three  fourths of the total kidney Weight 
there  occurs  an  increase  in  the  amount of  urea  eliminated.  This 
increase is  absolute when appetite does not  fail, and  relative when 
little  or  no  food  is  taken.  Under  the  latter  circumstances  the 
amount of urea  eliminated is  as  great as  that  excreted previously 
on  a  full  diet.  At  the  same  time  the  blood  and  tissues,  par- 
ticularly the  muscles,  show  a  considerable  increase  in  nitrogenous 
extractives.  Bradford  concludes  that  the  disturbance  of  meta- 
bolism  following the  reduction of kidney substance is  due,  not  to 
the  retention of the products  of normal  destruction of  tissue,  but 
to  an  increased  tissue  catabolism  especially  of  the  muscles,  pro- 
ducing large quantities of urea.  He states that he has made no ob- 
servations to determine whether this  is  due to the cessation of the 
action  of  a  renal  internal  secretion.  His  results  have,  however, 
been so  interpreted by later writers. 
Bainbridge  and  Beddard  ~ in  a  recent  publication  describe  their 
observations  on  cats.  They  conclude  that  the  removal  of  three 
fourths of the kidney substance causes loss of appetite, wasting and 
death in a  few days or weeks; that an increase of nitrogen in the 
urine is  not constant and occurs  only during the last  few days of 
life when the animal has lost twenty-two per  cent.  or  more  of  its 
body weight and therefore that the kidney has  no  direct  influence 
on  metabolism but  that  the  increase  of  nitrogen  is  the  result  of 
inanition  and  similar  to  that  which  occurs  in  starving  animals. 
They also  found that there was  not necessarily an increase  in  the 
volume  of  urine. 
The  difference  of  opinion  between  these  investigators  seemed 
sufficient to  warrant  a  repetition  of  the  experiments  in  order  to 
determine the effect of the reduction of the kidney on nitrogenous 
metabolism.  In  carrying  them  out  I  have  also  investigated  the 
total nitrogen eliminated in the faeces in order to determine if pos- 
sible whether or  not  the  inanition could be  explained by digestive 
disturbances  due  to  faulty absorption  or  possibly to  the  effect of 
irritating nitrogenous substances eliminated through the intestines. 
Bainbridge, F.  A.,  and  Beddard, A.  P.,  The  Relation of  the  Kidneys to 
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These  experiments  were  made  upon  dogs  which  were  kept  for 
some  time  before  operation  and  during  the  entire  course  of  the 
experiment  in  nitrogenous  equilibrium.  For this  purpose  a  purin- 
free  diet  of  casein,  cracker  dust  and  lard  was  used  and  the  par 
diem  amount  of  water  limited  to  6oo  cubic  centimeters.  The 
animals  were  kept  in  the  usual  well-ventilated  metabolism  cages 
and were catheterized at the end of each twenty-four hours.  After 
each  catheterization  the  bladder  was  washed  out  and  the  wash 
water added to the catheterized urine and that voided naturally  and 
the  whole  made  up  to  a  definite  volume.  This  urine  was  care- 
fully preserved  from  changes  of  any  kind  until  the  analyses  were 
made.  When  albuminuria  caused  the  appearance  of  coagulable 
protein  in  the  urine,  which  occasionally  happened  during  a  short 
period immediately  following operation,  this  was  removed  by heat 
and acetic acid, the coagula being thoroughly boiled out with water 
and  the  washings  added to the urine. 
Upon  these  twenty-four  samples  the  following  determinations 
were made : total nitrogen by the Kjeldahl method ; ammonia by the 
Shaffer  method  and  urea  by  the  M6rner-Sjoquist  method.  The 
investigation  was  so delimited  mainly because the  changes  in  total 
nitrogen  and  in  the  elimination  of  urea  and  ammonia  are  the 
only points in dispute and in part on account of the negative nature 
of the results obtained by Bradford and by Bainbridge and Beddard 
in  regard  to  other  substances. 
The  general  procedure  was  to  place  the  animal  in  nitrogenous 
equilibrium,  conduct  control  determinations  for  a  period  of  three 
days,  operate,  and  after  allowing  two  or  three  days  for  recovery 
from  the  acute  effects of  the  operation  make  determinations  dur- 
ing  one  or  more three  day periods. 
The  operative  procedure  differed  somewhat  from  that  of  the 
English  investigators.  Instead  of  removing  a  wedge  of  kidney 
substance the upper half of a  kidney was removed and the bleeding 
from the cut surface controlled by a mattress suture.  This method, 
although  it  narrows  the  pelvis  somewhat,  is  not  followed  by  in- 
farction  or  hemorrhage  and  gives  better  results  than  that  recom- 
mended  by Bradford.  At  a  subsequent  operation  either  one  half 
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TABLE  I. 
(Dog4,  ~  and ~  reduction.) 
Urine.  ]  Faeces. 
I 
Date.  :]Amt.  Sp.  ~  .I  U .....  ]A ....  ia.  2  ~..  ~Per 
Per  Per  %ent. 
.....  Gms.  Gins.  Cent.  Gins.  Cent.  Gins.  N. 
[  ....  [  Gr.  li°tal N'I  i  ,  'l'ot  ....... 
Control Period. 
F 
Oct. 21  525  lol  3  6.84  : 5.67 82.9 i°'323  i  4.7 [o.1285  3 .0 
!5.35  0.320 
22  43 °  i 1°17  6.45  i  83.o  4.9 !o.1285  3 .0 
J  5.46  o.318 
23  545  [1oi2  6.65  82.1  4.8 o.I285  3.o 
i 
24  ~  right kidney removed--wt. 25 gms. 
26  43  ° 
43  ° 
480 
325 
44  ° 
I 
43 ° 
325  82.6 
46o  82.5 
41o 
44o 
51o 
725 
615 
3 hours. 
27 
28 
Nov.  4 
5 
6 
7 
8 
8 
20  IOI2 
21  lOl  3 
22  IOIO 
Dec.  3  lOO8 
4 
4 [3  d operation--death in 
lO16  8"25 ]6.04  7.09 86.0 
lO18  7.22  I  83.41 
16.53 
lOI4  7.81  5 .62 83.5 
41o2o  6.69  85.5 
lO17  6.56  5.6o 86.5 
5.18 
6.26  f  82.  9 
lO16  i 4"34 
lOI8  5"25 i4.87 
1015  5'9  i 
0.338 
4.1  o.1894 
o.315 
4.41o.I894 
0.293  ~] 
0.231  3"hi °'1894 
0.286  3.5  °.2641 
4.3  o.2641 
0.266 
4.2  o.2641 
0.240 
4.6  o.2641 
°'32I  5.4  o.2641 
left kidney removed--wt. 22 gms. 
4.93  83.6  0.264 
5.89  4.5  o.1765 
4"83 85.6  °'29I 
5.65  5.I  o.1765 
5.52  lost.  [  lost.  o.1765 
6.14  [ o.343 
7.14  85.9  4. 8  °.6335 (?) 
5.31  0.298 
lOO9  6.39  83.1 ]  4.7  0.6335 (?) 
Oedema of lungs. 
Weight.  Notes. 
(.Jm$. 
4.2 
4.2 
4.2 
4.4 
4.4 
4.4 
4.4 
4.4 
3.o7 
3.07 
3.o7 
4.68 
4.68 
13,78o 
I3,86o 
I3,84o 
13,4IO 
13,4oo 
13,24o 
13,5oo 
13,77 ° 
13,6IO 
13,76o 
13,84o 
II,SIO 
11,96o 
II,93o 
I2)250 
12,285 
Albuminuria 
Diarrhoea 
Diarrhoea 
1OO C.C. 
extra water 
300 c.c. 
extra water 
Weight  of  kidney removed  at  first  and  second  operations ....  47  gms. 
Weight  of  kidney  found  at  autopsy ........................  43.7gms. 
case  of the  former  the remaining  half  of this  kidney  was  taken  out 
at  a  third  operation.  In  some  instances one entire kidney  and  half 
the  opposite  kidney  were  removed  at  one  operation  without  any 
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on four dogs with varying degrees of kidney reduction, but a  some- 
what exhaustive study of the general effects of extirpation and of 
TABLE  II. 
(Dog  2z,  %  reduction.) 
Date. 
Dec.  3 
17 
18 
19 
Jan.  6 
Amount 
c.c, 
44  ° 
437 
435 
Urine. 
I  Urea. 
Sp.  Gr.  Total  N.  Per 
Grams.  Gms.  Cent. 
Rt. kidney (wt.  29 gms.) 
Lt. kidney (wt.  lO gms.) 
5.59 
IOI4  6.47  86.4 
5.70 
lO14  6.18  83. 7 
4.28 
lO15  5.24  81.7 
Killed 
Ammonia 
Per  Gms.  Cent. 
Faeces.  I  i 
......  i .......  [  I  Weight  Per 
Total  N.  Cent  [  Grams. 
Grams,  N.  ' 
! Removed 
0,282 
4-4 
0.269 
4.4 
o.259 
4.9 
o. I8O6 
o. I8O6 
o. 18o6 
4"34 
4.34 
4.34 
8,410 
8,2IO 
8,230 
8,225 
8,050 
Weight  of  kidney  removed  at  single  operation ..............  39  gms. 
Weight  of  kidney  remaining  at  autopsy ....................  16.5 gins. 
Total  weight  ..........................................  55.5 gins. 
TABLE  III. 
(Dog  z2,  spontaneous  nephritis,  unilateral  nephrectomy.) 
Date. 
Nov. 16 
18 
19 
20 
22 
Dec.  6 
10 
II 
I2 
16 
20 
Amt  !  [Total 
:2r sp Gr  #a 
250  lO31  6.55 
30o  lO28  ] 6.71 
212  IO36  6.42 
Urine. 
260  lO34  6.66 
Urea. 
C_ms  Per  ,~:  Cent. 
]5.04 
5.39  77"2 
4.99 
5.22 
Faeces. 
I Weight 
Ammonia.  ~  Per  ]  Gins  Notes  lotal  ,  Per  Cent.  " 
Gins.  Cent.  I'4. Gms,  iN'. 
0.276  Alb. 4 per cent. 
4.2 o. 1514  2.93  I7,82o  Casts@++ 
0"290  i  ]  [ 
8o.4  4.3  o151412.93  I7,61o 
0.345  !Oll  i  I  77 .8  5.3!  -  5  4,  2-93  17,52o] 
o.36z  i  [  I 
78.4  5.4  °-1514  2.93  17,5oo] 
Alb. 2} per cent. 
[ Casts -~++ 
Right kidney removed, weight 72 gins.  o.2o58  3.58 
]  Alb. 1~ per cent. 
i  O'1981  3.44  Casts @-r 
I  I  6.05  o 335  300 e c 
405  lOI7  7.80  77.6  4.29 ! o. 1981  3.44  17,IIO  extra water 
!  5"23  °"313  t 3oo c.c. 
505  ] loi5  ' 6.44  8I.I  4.86  o.21o8  3.59  I7, IOO1 extra water 
I  i  O. 2IO8  3.59 
Died during operation on other kidney, which weighed 68 gms. 
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the process of repair in the kidney after various kinds of operative 
injury  will  be published  later  by Dr.  J.  A.  Sampson  and  myself. 
At  present  it  is  sufficient to  state  that  we  have  had  no  difficulty 
in  keeping  animals  alive  and  in  good  condition  without  either 
general or local disturbances after the removal of one quarter,  one 
half,  and  in  some  instances  three  quarters  of  the  total  kidney 
substance  at  one operation.  The  removal  of  larger  amounts  and 
occasionally of  three  quarters  is  followed  by  severe  general  dis- 
turbances  which have  rendered  futile all  attempts  to  maintain  the 
animal in nitrogenous equilibrium.  In one instance after removal 
of  a  considerable portion  of  the kidney substance,  a  nephritis  de- 
veloped,  which  added  to  the  value  of  the  experiment rather  than 
otherwise. 
TABLE  IV. 
(Dog  z3,  3/4  and  6/7  reduction;  acute  nephritis.) 
Date. 
Nov.  2 
13 
i6 
Urine.  Faeces. 
Amount  Sp. Gr.  Total N.  Gins Urea.  Ammonia. 
c.c.  Gms.  Per  ~  Per  '  Cent./L'ms'  Cent. 
!--  i 
Half left kidney removed, weight 14. 5 gms. 
Entire right kidney removed, weight 42 gms. 
Nephritis.  Alb. ~  ~  per cent.  Abundant casts. 
T~s;..¢"  Vet  .  C~ln. t" 
0.2125  5"53 
21 
22 
23 
Dec.  3-8 
6 
41o  ioII  5.72 
320  1o16  4.78 
375  lO19  5.40 
Does noteat--more orles~ 
267  lOI6  3.61 
3.04 
:.29 
..84 
80.2 
..62 
85.3 
vomiting. 
2.87 
79.5 
2.43 
~:o. I66 
92.5(?)i  2.9 
0"251  5. 2  5 .2 
io.272 
! 
i 
io.I43 
o. 119  4.o] o.o99o  5.74 
7 
9 
10--20 
16 
18 
19 
20 
2I 
Weight 
gms. 
I5,84o 
I4,OO0 
13,1oo 
I2,97o 
13,o7o 
I3,27o 
I 
I2,680 
i 
I2,590  222  I020  79.9  3.9  0.099o  5-74 
Eight gms. of remainder of ]eft kidney removed.  I 
Gastro-intestinal disturbance--does not eat.  AIb. x~-2 per cent.  Casts abundant. 
1.56  o.o4  °  o. 1766  6.66 
2.1  165  to16  1.89  [  82.5  0.0557  6.65  lO,35o 
11.24  0.028 
12o  [~  lO17  1.47  84.4  1.2  o.o557  6.65  lo,2oo 
195  il  lOO8  o.689  o.437  63. 4  °'527  7.61 o.o557  6.65  Io, ooo 
Chloroformed.  I  ]  ] 
Weight  of  kidney  substance  removed ........................  64.5 gms. 
Weight  of  remaining  kidney ................................  II  gms. 
Total  weight  ..........................................  75.5 gins. Richard  M.  Pearce.  639 
The results  are shown in Tables I,  II,  III  and  IV.  As a  normal 
control  period  is  given  in  one  experiment  only  (Table  I)  a  series 
of  controls  s  are  presented  in  Table  V.  These  give  the  figures  in 
six dogs  fed on the  same diet  and  kept under  the  same  conditions 
as  the  dogs  with  kidney  reduction.  The  averages  only  are  given 
and  are  based on the figures  of periods  of three  to  five successive 
days. 
TABLE  V. 
Normal Dogs--Control. 
A 
B 
C 
29 
E 
F 
G 
Average 
Per Cent. 
T~al 
Dog. 
C-ms. 
6.35 
3.3  ° 
4.1o 
7.o4 
6.56 
6.57 
5.36 
rea. 
Per 
GII  Cent. 
4.c 
78.I 
3.~ 
86.I 
3.c~ 
78.4 
5.2 
81.2 
5.2  80.7 
5A 
85.3 
4.2 
82.0 
81.7 
]  Undeter- 
Ammonia.  ! Creatinin.  [  mined 
Per  ~  Per  [~  Per  --__'°ms"  Cent.__i__tJms"  Cent.____'°ms' Cent. 
o.oI 9  !o.6o6  0.259 
7 9 i  I  --a.x  "i  9.5  4. 
c.I28  I  o 278  IO.lO8 
3.31  7.4  2.9 
0.450  o 350  ]o.326 
8 8  6.71  6.0] 
0.395  0.345  !o.568  I 
5.5  48!  8  i 
0.428  iO.28I  ~o.537  [ 
5.81  4.2i  7.9[ 
0"364  i°'354  i  °'213  / 
5.5  5.4 i  3.41 
0"332  6"2  i°'2°86.7  3'916.  o~°'377  5.77"41 
Average of 
Five  24 ° periods. 
Four  "  ~' 
Four  ~  cl 
Three  "  " 
Three  "  " 
Three  "  " 
Four  "  " 
Experiment  I  shows no appreciable  changes  in metabolism  after 
the  removal of one half  of one kidney or one half  of each kidney. 
The  animal  unfortunately  died  a  few hours  after  the  third  opera- 
tion with no lesions discoverable at autopsy except a  very extensive 
oedema  of  the  lungs. 
Experiment  II  indicates  that  the  removal  of  two  thirds  of  the 
entire kidney substance at one operation  does not interfere with the 
general  condition  of  the  animal  as  shown  by the  constant  weight 
and  normal  metabolism  figures. 
The  third  experiment  made  on  an  animal  with  a  spontaneous 
nephritis,  a  condition  occasionally found in  stray  dogs,  shows that 
S Taken  from  paper  by  Pearce,  R.  M.,  and  Jackson,  H.  C.,  Experimental 
Liver  Necrosis;  III,  Nitrogenous  Metabolism,  .four. Exper.  Med.,  19o7,  ix,  552. 640  Influence o[ Reduction of Kidney  Substance. 
this  lesion has  no  effect on metabolism,  even after  the, kidney  sub- 
stance is reduced one half by a  unilateral  nephrectomy. 
The  fourth  experiment  was  not  planned  for  a  study  of  meta- 
bolism, but when it was found that  an animal  with but one quarter 
of its kidney substance had developed an acute nephritis,  thus dimin- 
ishing,  it  was  assumed,  the  functional  capacity  of  the  fractional 
portion  of  the  kidney  remaining,  it  seemed  too  good  an  oppor- 
tunity to lose and  the animal  was placed on a  constant diet and the 
metabolism  experiments  carried  out  six  days  later.  This  animal, 
despite the great  reduction of kidney substance and the presence of 
a  nephritis,  had  a  normal  metabolism  during  the  first  three  day 
observation period.  Two weeks later,  however, when appetite had 
begun to  fail equilibrium  was lost,  although  no  change  in  the per- 
centage relations  of nitrogen was evident. 
But after another  period of two weeks had  elapsed, and  the kid- 
ney  substance  had  still  further  been  reduced  by  operation,  leav- 
ing the animal  with but one seventh of its original  kidney material, 
a  change  in  the  urea-ammonia  ratio,  indicative  of  inanition, 
occurred.  That  this  final  change  is  due,  as  Bainbridge  and  Bed- 
dard  claim,  to  inanition  there  can be no  doubt.  Up  to  this  point, 
the beginning of starvation,  the changes in urea described by Brad- 
ford were not observed. 
The  discrepancy  between  these  results  and  those  of  Bradford 
require  a  word  of  comment.  Bradford,  it  will  be  remembered, 
found  an  increase  of  urea  to  occur  with  considerable  frequency 
after  removal  of  one  half  or  two  thirds  of  the  kidney  substance 
and  almost constantly  after  removal  of  three  fourths.  In  the  ex- 
periments  here  quoted the urea  remained  constant  until  the  period 
of  inanition.  In  my  experiments  exact  twenty-four-hour  samples 
of  urine  were  obtained  by  catheterization,  the  animals  were  kept 
on a  constant  diet  (casein,  lard;  cracker  dust)  and  the  more  exact 
MSrner-Sjoquist  method  for  the  determination  of  urea  was  used. 
Bradford's estimations on the other hand were based on the amount 
of  urine  voided  naturally  in  twenty-four  hours;  the  diet  (meat 
and  biscuit)  was weighed accurately but was administered  accord- 
ing  to  the  appetite  of  the  animal;  and  the  urea  was  estimated  by 
the  relatively  inaccurate  hypobromite  method.  The  differences  in 
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Creatinin  estimations  were  not  made  in  these  experiments  on 
account  of  the negative  results  obtained  by  Bainbridge  and  Bed- 
dard.  The  undetermined  nitrogen  was  therefore  not  calculated, 
but  if  the  averages  for  creatinin  in  normal  dogs,  presented  in 
Table  V,  are  taken  as  indicating the  probable  creatinin  excretion 
and  added  to  the  urea  and  ammonia percentage  it  is  found  that 
the undetermined nitrogen  does not  in  any instance,  except in  the 
dog with spontaneous nephritis  (Table III)  and in the later period 
of Dog  13  (Table  IV),  vary Widely from the  normal average of 
5.7  per  cent.  In  this  regard  the  nitrogen  determination  would 
therefore also  appear  to  be  normal.  As  far  as  the urine is  con- 
cerned it would appear that no evidence is  at hand to indicate that 
the  kidney,  through  an  internal  secretion  or  otherwise,  has  any 
influence  on  general  nitrogenous  metabolism  and  I  believe  the 
theory of internal secretion in this regard at least may be set aside. 
There remains,  however, the  very important  question  of  why the 
removal of more than three fourths of the kidney substance  leads 
to  loss  of  appetite  and  consequent inanition.  Although  vomiting 
occasionally occurred in  these animals  it  did not  seem to  be  suffi- 
ciently  frequent  or  severe  to  indicate  a  general  gastro-intestinal 
disturbance.  To test this point extirpation of the kidney was done 
on  two  dogs  after the establishment  of  a  gastric  fistula.  In  this 
way it  was  hoped that  the  food necessary for nitrogenous  equili- 
brium could be introduced artificially and by  examination of both 
urine  and  faces  some light  might be  thrown  on  the  cause  of  the 
disturbance.  These efforts were rendered  futile,  however, by the 
inability  of the  stomach to  retain  the  materials  introduced.  The 
conclusion is  inevitable therefore that although the kidney appears 
to have no direct influence on nitrogenous metabolism the removal 
of  large portions  of  its  substance  does  indirectly lead  to  disturb- 
ances of general nutrition by interfering apparently with the func- 
tions of the alimentary canal. 
Examination  of  the  Fceces.--The  occurrence of  serious  gastric 
and intestinal disturbances in these animals  after kidney reduction 
and their general similarity to lesions occurring occasionally in man 
in the course of chronic nephritis led me, in view of our more re- 
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one secretion on another,  so well brought out by Starling  and  Bay- 
lis's  investigations,  to  study  the  faeces  of  the  animals  in  order  to 
determine  if  partial  nephrectomy  had  any  influence  on  digestion, 
absorption or elimination  into the intestine.  Brainbridge  and  Bed- 
dard's  claim  that  the disturbance  in  metabolism  is  due to  inanition 
dependent  on vomiting and  diarrhoea  with  eventual  failure  to  take 
food and  not  to  a  direct  influence  of  the  kidney  dodges  the  ques- 
tion.  The  point  to  be  determined  is  whether  or  not  the  gastric 
and  intestinal  disturbances  are  caused  by  faulty  absorption  or  by 
digestive  disturbances  due  to  the  elimination  into  the  intestine  of 
products normally removed by the kidneys.  The  demonstration  of 
such  a  relation  would  be  important  not  only  as  an  illustration 
of the chemical interrelationship  between various organs, but would 
also  aid  in  explaining  similar  disturbances  associated  with  the 
nephritis  of  man. 
These  latter  which,  I  understand,  are  frequently  so severe as  to 
present symptoms closely resembling a  violent gastro-enteritis  have 
been  ascribed  in  part  to  alterations  of the  mucosa  due  to  oedema, 
and  in part to the influence of the uraemic condition  on the  central 
nervous  system.  While  these  explanations  account  for  many  of 
the  symptoms,  others,  according  to  von  Noorden, 9  must  be 
attributed  to  toxic  chemical  action.  In  fact  recent  investigations 
show that  in  uraemia  substances  usually  eliminated  by the  kidneys 
are  secreted vicariously into  the alimentary  tract.  " Of  these,  the 
most  irritating  chemically  is  ammonia,  which  is  formed  in  the  in- 
testine by decomposition of the secreted urea.  It is also noticeable 
that the  faeces in uraemic diarrhoea  are extremely rich in ammonia." 
Studies  of  the  faeces  having  for  their  object the  determination 
of  the  degree  of  absorption  in  nephritis,  for  which  we  are  in- 
debted  mainly  to  von  Noorden,  show  that  the  absorption  of  fats 
is  very  complete.  The  situation  in  regard  to  nitrogen  is  not  so 
clear,  the  loss  in  some  cases  being  greater  than  normal  while  in 
others  an  abnormally high  percentage  is  found.  The  variation  in 
some  individuals,  without  a  corresponding  change  in  diet,  or  in 
the  nature  of  the  stools,  or  in  the  general  condition  and  with  no 
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change  in  the  percentage  of  dry  substance  or  fat  content  of  the 
f~eces, led yon Noorden to the conclusion that  the increase of nitro- 
gen was due not to impaired  absorption, but to the vicarious excre- 
tion  of metabolites  stored up  in  the  organism.  In  many  cases the 
excretion  remained  normal.  High  amounts,  above  three  grams 
daily, were found in nephritis  only in diarrhcea  (ur~emic)  and were 
due largely to a high content of ammonium salts, constituting some- 
times ten to twenty per cent.  of the total  fmcal nitrogen. 
In  the  four  experiments  tabulated  above  the  total  nitrogen  in 
the  fmces  evacuated  during  control  periods  and  periods  of  meta- 
bolism  study was  estimated.  The  results  as  seen  in  the  tables  in- 
dicate no marked  change in the total nitrogen  or its percentage  re- 
lation,  except possibly in Experiment  IV.  In this  animal  with but 
one seventh of its kidney substance, which  after the  first operation 
developed  a  severe  nephritis,  the  percentage  of  nitrogen  in  the 
fmces apparently  shows  a  somewhat  marked  increase  as  compared 
with  the  other  dogs.  Unfortunately,  no  control  figures  on  this 
animal  are at hand.  The low total nitrogen  combined with  a  high 
percentage would appear to indicate the presence of substances of a 
higher  nitrogen  percentage  content  (e.  g.,  ammonia)  than  those 
normally  present  in the  f~ces.  This  phase  of the problem  will be 
further  investigated. 
The  inanition  due  to  gastro-intestinal  disturbance  cannot  there- 
fore  be  explained  by  impaired  absorption,  or,  except  as  possibly 
indicated  by  Experiment  IV,  by  an  undue  elimination  of  nitro- 
genous  substances.  Irritation  by  increased  elimination  of  toxic 
substances,  non-nitrogenous  in  nature,  may be  a  factor,  but  upon 
this point I  have as yet no observations. 
CONCLUSIONS. 
I.  The  removal  of  one  half,  two  thirds  and  sometimes  three 
quarters of the kidney substance in the dog causes no change in the 
general nitrogenous metabolism as determined by estimations of the 
total nitrogen,  urea  and  ammonia  elimination  by the urine. 
2.  The  removal  of  larger  amounts,  and  sometimes  of  three 
quarters  of  the  substance,  leads  to  the  metabolism  condition  of 
starvation.  This,  however,  is  apparently  the  result  of the  gastro- 644  Influence of Reduction of Kidney  S~tbstance. 
intestinal  disturbance  constantly  associated  with  extensive  kidney 
reduction  and  not  of  a  disturbance  of  general  nitrogenous  meta- 
bolism. 
3.  The  determination  of  the  amount  of  faecal  nitrogen  indi- 
cates that  the gastro-intestinal  disturbance is not due to diminished 
absorption;  and  except in one instance there was no evidence of its 
being  due  to  an  increased  elimination  of  nitrogenous  substances 
into the intestine. 
4.  These  experiments  do not support  the  theory that  the  kidney 
furnishes  an  internal  secretion  having  an  important  influence  on 
general nitrogenous metabolism.  At least, if such a  function exists, 
it  is  not  disturbed by the removal  of three  quarters  of  the  kidney 
substance. 
5.  The  metabolism  in  excessive kidney  reduction  is  that  of  in- 
anition  dependent  on gastro-intestinal  disturbances  presumably due 
to  faulty chemical  correlation.  In  this  connection  further  knowl- 
edge  concerning  the  elimination  into  the  intestine  of  toxic  sub- 
stances  is  desirable. 